Those studies revealed the existence of two isomers, of C 3 and C 1 symmetry respectively, originating from the mutual orientation of the three ansa-metallocene fragments. Preliminary studies on the catalytic performances of the dichloro complexes, upon activation with MAO, in ethylene and propylene homopolymerization and ethylene/1-hexene copolymerization were carried out and compared to those of the monometallic analogues under identical conditions.
Introduction
The development of unique, more efficient catalytic systems for olefin polymerization processes has impelled to a rapid progress in the design and synthesis of a variety of dinuclear metallocene compounds, which contain two linked metallocene units. 1 Thereby, a particular emphasis is given to exploration, fundamental understanding and utilization of cooperative interactions (electronic and chemical) between the two proximal metal centers.
Many of the reported dinuclear group 4 metal pre-catalysts for olefin polymerization are based on a homobimetallic platform (Chart 1): (A) non-bridged metallocene units connected by hydrocarbon-2 or silyl/silyloxane2e,3 bridges at cyclopentadienyl (Cp) moieties; (B) "constrainedgeometry systems" linked at the Cp/Ind (Ind = indenyl) moieties or at the si1ylene-bridge; 3d,4 and (C) dinuclear bis(ansa-metallocenes) linked at the Cp moieties 5 or at the C1/Si1-bridge, 6 respectively.
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4 Chart 1. Schematic drawing of common bimetallic platforms encountered in dinuclear group 4 metal pre-catalysts.
To our knowledge, dinuclear bis(metallocene) systems incorporating fluorenyl (Flu) ligands are represented by a sole example, namely CpZrCl 2 ((9-Flu)CH 2 CH=CHCH 2 (9-Flu))ZrCpCl 2 (Chart 1, A II), which was obtained by a cross-metathesis reaction. 2f, 7 No significant differences between the catalytic performances of the latter dinuclear system and its monometallic analogue have been observed in homopolymerization of ethylene and propylene.
The aim of the investigation reported herein was the synthesis and characterization of a new type of tris(Cp/Flu) pro-ligands based on a 1,3,5-tris(fluoren-2-yl)benzene platform and of some group 4 trinuclear tris(ansa-metallocene) complexes derived thereof. The catalytic performances of the synthesized complexes, after activation with MAO, have been investigated in homogeneous polymerization of ethylene and propylene and ethylene/1-hexene copolymerization and compared to those of the mononuclear ansa-metallocene reference.
Results and Discussion
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Synthesis of 1,3,5-tris(fluoren-2-yl)benzene precursors. Adapting the synthetic procedure described for 1,3,5-tris(fluoren-2-yl)benzene (Ph(2-FluH) 3 , 2a), 8 the substituted analogues 2b and 2c were synthesized by a 4-dodecylbenzenesulfonic acid (DBSA)-catalyzed cyclocondensation of the corresponding 2-acetylfluorene derivatives (1b and 1c, respectively) under solvent-free conditions (Scheme 1, protocol A). However, the products were isolated as deep red solids, suggesting the presence of products resulting from incomplete condensation.
Switching the reaction conditions to PTSA-catalyzed cyclotrimerization in toluene solution did not hamper the formation of the red-coloured side-products. Gratifyingly, the use of thionyl chloride as catalyst (Scheme 1, protocol B) 9 resulted in the isolation of analytically pure, colorless compounds 2a----c in good yields (52-55%). parameters are set at the 50% probability level; hydrogen atoms are omitted for clarity). Selected bond lengths (Å): C2-C3, 1.485(2), C22-C23, 1.485(2), C42-C43, 1.491(2). At least two isomers, originating from tautomerism within the cyclopentadienyl moieties, were observed for each of the proligands 3a----d by NMR spectroscopy. The poor solubility of the unsubstituted proligand 3a hindered its characterization by 13 C NMR spectroscopy. For proligands 3b-d, all signals in the corresponding 1 H and 13 C NMR spectra were confidently assigned. In particular, the resonances for the two CH 2 cyclopentadienyl protons appeared at δ 3.1-3.3 ppm and the single resonance for the 9-CH proton was observed in the region of δ 4.2-4.4 ppm in the corresponding 1 H NMR spectra (Fig. S15 , S17 and S19 for 3b, 3c and 3d, respectively). Tet (4d-Hf)) in good yields as pink (81-88%) and orange-yellow (56% and 63%) microcrystalline solids, respectively. On the other hand, due to insolubility issues, this procedure failed in the case of the unsubstituted complexes 4a-Zr and 4a-Hf as well as for the 6-tert-butyl substituted complex of hafnium 4b-Hf.
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Syntheses of tris(dichloro
unsuccessful so far. The solution structures of these complexes were analyzed by NMR spectroscopy. Good quality NMR spectra with sharp resonances were obtained for zirconium complexes 4b-d-Zr, while for the hafnium analogues, conclusive NMR data were obtained only for complex 4c-Hf. In each case, the 1 H and 13 C NMR spectroscopic data are consistent with the existence of two isomers exhibiting C 3 and C 1 symmetries, respectively, and differing by the respective orientation of the ansa-metallocene moieties (Chart 2). For example, in the aromatic region of the 1 H NMR spectrum of 4c-Zr (Fig. S24 ), several series of multiplets were observed that belong to the Cp moieties (Fig. 2a) . These multiplets consist of overlapping quartets whose splitting originates from 3 J HH coupling among non-equivalent hydrogens belonging to the same Cp ligands of the two isomers. 12 The presence of the two isomers in a ca. 1:1 ratio was suggested from a simulation of this region of the 1 H NMR spectrum ( Fig. 2b) : four quartets at δ 6. 23, 6.12, 5.59 and 5.55 ppm from the four nonequivalent Cp hydrogens of the three equivalent ansametallocene units in the C 3 -symmetric isomer, and twelve overlapping quartets at δ 6. 23, 6.20, 6.12, 5.61, 5.59 and 5.55 ppm from the twelve nonequivalent Cp hydrogens of the three nonequivalent ansa-metallocene units in the C 1 -symmetric congener. Possible geometries of the two C 3 -and C 1 -symmetric isomers of 4c-Zr were modeled by DFT computations ( Fig. 3 ; see Experimental Section for details). These calculations returned only 1.4 kcal·mol -1 of energy difference between the two isomers, which corresponds to a theoretical ratio of ca. 1:10 at room temperature. Note, however, that this minimal energy difference falls within the accuracy of DFT computations usually accepted (2-3 kcal·mol -1 ) and is therefore not inconsistent with the ca. 1:1 ratio experimentally observed.
Diffusion NMR experiments (PGSE) allowed an estimation of the translation diffusion coefficients D t for complexes 4b-d-Zr in benzene-d 6 at room temperature; these were found to fall within a narrow range of 3.6(2)-3. C NMR signals for the Zr-CH 3 groups were found in the range of δ 33.5 to 32.1 ppm for both complexes, as assigned by HSQC NMR spectroscopy ( Fig. S34 and S36, respectively). On the other hand, the presence of the two C 3 -and C 1 -symmetric isomeric forms of 5c-Zr and 5d-Zr could not be unequivocally established, due to presumably close magnetic equivalence of the respective nuclei.
For the tris(bis(trimethylsilyl)) complex 6c-Zr, the 1 H NMR signals from the SiMe 3 groups were observed in the region δ 0.14 to -0.01 ppm (Fig. S38 ). The four overlapping multiplets at δ -0.94, -1.49, -1.91 and -2.06 ppm were assigned to the diastereotopic methylenic hydrogens from six Zr-(CH 2 Si{CH 3 } 3 ) 2 units. In the HSQC spectrum of 6c-Zr ( 
were determined under identical conditions. Selected polymerization data are summarized in Tables 1-3 .
In homopolymerization of ethylene at 20 and 60 °C (Table 1) Homopolymerization of propylene with the investigated catalytic systems afforded syndiotactic and syndiotactic-enriched polypropylenes ( Table 2 ). In that case, the tris(ansazirconocene) systems appeared to be significantly less productive than the reference catalysts M1 M A N U S C R I P T A C C E P T E D for the homopolymerization of ethylene, the nuclearity of catalysts did not affect substantially the molecular weights (M n ) and polydispersities; for both mono-and tris(ansa-metallocene) systems, the M w /M n values were found in a narrow range (Ð M = 2.2-3.6). In ethylene/1-hexene copolymerization (Table 3 ), a drop in productivity was observed for the tris(ansa-metallocene) systems 4b-Zr and 4d-Zr (entries 3-6) as compared to the mononuclear M2. Also, both catalysts enabled a lower incorporation of 1-hexene than the M A N U S C R I P T
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16 reference system M2 (entries 1 and 2) and, therefore, the resulting copolymers exhibited higher T m values. 
Conclusion
A straightforward synthesis of a series of novel arene-linked tris(Cp/Flu) ligand systems was developed. These systems were used for the preparation of trinuclear tris(ansa-metallocene) chlorides and alkyls derived thereof. Solution NMR spectroscopy and theoretical computations established that these tris(ansa-{Cp/Flu}-metallocene) complexes exist as ca. 1:1 mixtures of isomers featuring overall C 3 and C 1 symmetries.
Ethylene and propylene homopolymerization as well as ethylene/1-hexene copolymerization experiments were conducted using the trinuclear chloride catalyst precursors in The mixture was stirred for 60 min and poured into a beaker with ice (100 g). The mixture was extracted with hexane (3 × 100 mL). 
1,3,5-Tris(6-(tert-butyl)-9H-fluoren-2-yl)benzene, Ph(
6-tBu
FluH 2 ) 3 (2b). In a 250 mL flask, 1b (3.00 g, 11.35 mmol) was suspended in EtOH (3.3 mL). SOCl 2 (2.25 g, 3.4 mL, 19 mmol) was added dropwise over a period of about 20 min. The reaction mixture was stirred and gently refluxed for 24 h. After completion of the reaction, the mixture was neutralized by saturated Na 2 CO 3 . The precipitate was collected by filtration, washed with water, ethanol, and a small amount of ethyl acetate (20 mL) followed by drying in vacuum to yield the almost pure product. 144.0, 143.8, 142.7, 141.4, 140.9, 139.5, 139.1, 128.1, 127.8, 127.1, 126.3, 126.1, 125.3, 125.1, 124.9, 124.0, 123.1, 120.9, 119.9, 117.8, 35.4, 35.3 (C(CH 3 ) 2 ), 34.7, 34.6 (CH 2 CH 2 ), 32.4, 32.2 (2-(cyclopenta-1,3-dien-1-yl) propan-2-yl)-9H-fluoren-2-yl)benzene, Ph{Me 2 C(2-FluH)(CpH)} 3 (3a). To a solution of 1,3,5-tri(9H-fluoren-2-yl)benzene (2a) 7, 143.7, 142.5, 141.2, 139.8, 132.4, 131.3, 127.2, 126.8, 126.6, 126.2, 126.1, 125.1, 124.7, 124.0, 120.1, 120.0, 119.5 (CpH) , 58.0 (9-Flu), 40.6 (CpCH 2 ), 37.0 (C(CH 3 ) 2 ), 25.6 (C(CH 3 ) 2 ). Elemental analysis calcd (%) for 3, 150.2, 146.4, 142.8, 141.7, 141.5 (Flu), 134.4, 133.3, 132.4, 131.1, 126.6, 125.8 (Flu), 125.6, 125.0, 123.6, 123.5, 119.3, 116.3 (CpH), 57.8, 
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1,3,5-Tris(7-(tert-butyl)-9-(2-(cyclopenta-1,3-dien-1-yl)propan-2-yl)-9H-fluoren-2-yl)benzene, Ph{Me 2 C(2-(7-
tBu FluH))(CpH)} 3 (3c). Using a protocol similar to that described for 3a, compound 3c was obtained from 2c (1.42 g, 1.90 mmol), n-BuLi (2.4 mL of a 2.5 M solution in hexane, 6.00 mmol) and 6,6´-dimethylfulvene (0.665 g, 6.30 mmol). 3c was isolated as a pale yellow solid (1.84 g, 1.74 mmol, 92%). 1 H NMR (400 MHz, CD 2 Cl 2 , 25 °C): δ 7.90 (dd, J = 7.9, 1.7, 3H), 7.79 (m, 6H), 7.74 (s, 3H, PhH), 7.67, 7.54 (2t, J = 2.3, 3H), 7.45 (dt, J = 8.2, 2.3, 2H), 7.32, 7.23 (2s, 3H, 7.08, 6.72, 6.60, 6.56, 6.25, 6.04 (6m, 9H, CpH), 4.33, 4.29 (2s, 3H, FluH) , 3.32, 3.13 (2s, 6H, CpH 2 ), 1.37, 1.36 (2s, 27H, C(CH 3 ) 3 ), 1.24, 1.22, 1.15, 1.09 (4s, 18H, C(CH 3 ) 2 ).
13 C{ 1 H} NMR (100 MHz, CDCl 3 , 25 °C): δ 158.1, 155.6 (7-Flu), 149. 5, 149.4, 146.2, 145.6, 142.7, 142.5, 141.7, 141.6, 138.9, 138.5 (Flu), 134.3, 133.3, 132.3, 131.1, 126.6, 126.3, 125.2, 124.9 (FluH), 124.6, 124.1, 124.0, 123.5, 123.4, 119.3, 118.8 (CpH) (2-(cyclopenta-1,3-dien-1-yl) propan-2-yl)-9H-6,7-(C 8 H 16 )-fluoren-2-yl)benzene, Ph{Me 2 C(2-( Tet FluH))(CpH)} 3 (3d). Using a protocol similar to that described for 3a, compound 3c was obtained from 2d (2.60 g, 2.88 mmol), n-BuLi (3.6 mL of a 2.5 M solution in hexane, 9.1 mmol) and 6,6´-dimethylfulvene (0.965 g, 9.1 mmol). 3d was isolated as a pale yellow solid (2.75 g, 2.12 mmol, 74% 134.3, 133.5, 132.5, 131.1, 126.6, 126.3, 124.9, 124.4, 119.2, 117.0, 57.9, 
Ph({Me 2 C(2-(6-tBu
Flu))(C 5 H 4 )}ZrCl 2 ) 3 (4b-Zr). To a suspension of 3b (840 mg, 0.80 mmol) in diethyl ether (50 mL) was added n-BuLi (2.00 mL of a 2.5 M solution in hexane, 5.00 mmol) at 50 °C under stirring. After 12 h, the reaction mixture was cooled down to room temperature and anhydrous ZrCl 4 (583 mg, 2.50 mmol) was added to the sample in the glovebox.
The resulting purple/red reaction mixture was stirred at 50 °C for 24 h. Then volatiles were removed in vacuo and the remaining solid was suspended in CH 2 Cl 2 (50 mL). The suspension was filtered over celite under argon. Removal of the solvent in vacuum yielded the desired complex 4b-Zr as a pink solid. For additional purification, the crude product was dissolved in benzene (10 mL) followed by precipitation by addition of hexane (15 mL 9, 141.4, 126.2, 125.3, 125.0, 124.1, 123.3, 122.7, 122.2, 122.0, 121.3, 119.4, 119.0 (FluH), 118.7 (CpH), 114.6 (Cp), 101.9, 101.7 (CpH), 144.1, 141.9, 126.8, 125.6, 125.3, 124.6, 124.4, 123.2, 122.8, 122.3, 122.0, 121.5, 119.2 (FluH), 118.8, 118.4 (CpH) 145.9, 128.3, 127.8, 127.6, 127.0, 125.3, 122.2, 121.9, 120.6 (FluH), 118.9, 118.5 (CpH) 7, 125.2, 124.3, 124.2, 122.1, 122.0, 121.7, 120.6, 120.0 (FluH), 118.0, 117.8 (Cp), 117.1, 117.1, 99.1, 98.5 (CpH), 40.3 (C(CH 3 ) 2 ), 35.0 (C(CH 3 ) 3 ), 30.8, 28.7, 28.5 (C(CH 3 .26, 8.15, 7.90 (FluH), 7.84 (PhH), 7.78, 7.75 (FluH), 6.28, 5.79, 5.72 (CpH) 9, 142.8, 139.6, 139.4, 139.3, 126.8, 125.8, 123.2, 122.2, 122.0, 121.5, 118.7 (PhH) Liquide, 99.99%) or ethylene (5 bar, Air Liquide, 99.99%) was introduced. The reactor was thermally equilibrated at the desired temperature for 30 min. Monomer gas pressure was decreased to 1 bar, and a solution of the catalyst precursor in toluene (ca. 2 mL) was added by syringe. The monomer gas pressure was immediately increased to 5 bar (kept constant with a back regulator) and the solution was stirred for the desired time. The temperature inside the reactor was monitored using a thermocouple. The polymerization was stopped by venting the vessel and quenching with a 10 wt.% solution of aqueous HCl in methanol (ca. 6 mL). The polymer was precipitated in methanol (ca. 500 mL) and 35 wt% aqueous HCl (ca. 10 mL) was added to dissolve possible catalyst residues. The polymer was collected by filtration, washed with methanol (ca. 200 mL), and dried under vacuum overnight.
Crystal Structure Determination of 2c. Diffraction data were collected at 100 K using a
Bruker APEX CCD diffractometer with graphite-monochromatized MoKα radiation (λ = 0.71073 Å). A combination of ω and θ scans was carried out to obtain a unique data set. The crystal structures were solved by direct methods, remaining atoms were located from difference Fourier synthesis followed by full-matrix least-squares refinement based on F2 (programs SIR97
and SHELXL-97). 21 Many hydrogen atoms could be located from the Fourier difference analysis.
Other hydrogen atoms were placed at calculated positions and forced to ride on the attached atom. The hydrogen atom positions were calculated but not refined. All non-hydrogen atoms were refined with anisotropic displacement parameters. Crystal data and details of data collection and structure refinement for the different compounds are given in Table S1 . Crystal data, details M A N U S C R I P T
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of data collection and structure refinement for compound 2c (CCDC 1863112) can be obtained from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Computational Details. All calculations were performed with the TURBOMOLE program package using density functional theory (DFT). 22, 23, 24, 25 The gradient corrected density functional BP86 in combination with the resolution identity approximation (RI) 26, 27 was applied for the geometry optimizations of stationary point. A triple-ζ zeta valence quality basis set def-TZVP was used for all atoms. 28 The stationary points were characterized as energy minima (no negative Hessian eigenvalues) by vibrational frequency calculations at the same level of theory.
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Highlights -Design of an original 1,3,5-phenylene-tris(isopropylidene-bridged cyclopentadienyl/fluorenyl) platform -Synthesis of trinuclear group 4 tris(ansa-metallocene) complexes -Polymerization catalysis of ethylene and propylene and ethylene/1-hexene
